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ARTICLE INFO ABSTRACT

Keywords: The main objective of this study is to examine the role of risk communication during the COVID-
Fear of disasters 19 crisis, which is often neglected in studies investigating the outbreak of the pandemic. The
Risk communication networks study is based on survey data from a group of international (non-Japanese) students in Japan and
Foreign students in Japan the theoretical foundation of fear appeal theory. The results, which are based on the panel data
COVID-19

structure, show that individually, (1) the act of seeking out others to discuss risks in depth in the
current pandemic context or (2) the observed adoption of advocated precautionary health be-
haviours is not necessarily a good indicator of mental management, but (3) the combined effect of
(1) and (2) unexpectedly suggests a conciliatory effect on the fear of disasters. Moreover, this
evidence-based finding (3) suggests that a reciprocal relationship exists between threat and ef-
ficacy in terms of mediating fear under the framework and theory of fear appeals, indirectly
challenging the fear control response proposition of the extended parallel process model. Our
empirical findings emphasize the role of risk discourse and information sharing combined with
preventive health behaviours adopted within a community in the context of global health crises.

Fear appeals theory
Extended parallel process model

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), or simply COVID-19 as used in World Health Organization (WHO)
public health communications, is an unprecedented global pandemic that has an alarmingly high incidence and prevalence rate. This
airborne infectious disease may cause a total breakdown of the medical system in a country due to the sudden large number of
hospitalization cases, especially in intensive care units [1]. As of 27 December 2020, this global pandemic had infected over 79.2
million people and caused over 1.7 million deaths since it began in late 2019 [2]. Given the increasing studies and available infor-
mation on COVID-19, governments of different countries have attempted to implement public health policies, notably physical
distancing and mask wearing, to varying degrees, from lax to strict, with the aim of curbing the increasing rate of transmission.
Governments’ tough responses have initiated many philosophically heated debates, and since 2020, growing discussions have centred
on the fundamental rights of humans, i.e., individual freedom, during a pandemic [3] and how governments should intervene to
promote voluntary citizen behaviours to achieve desired outcomes [4-6]. Public health interventions, especially in a pandemic
context, usually involve (i) discourses on risk communication among groups of citizens [7] and (ii) the effectiveness of governmentally
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advocated health messages based on a comprehensive and emerging model rooted in the theory of fear appeals [8,9]. However, the
current discussion on bridging the role of risk communication and health messages seems to be neglected or even ignored and therefore
remains unexplored.

This study aimed to examine how a community of international students living in Japan during multiple disasters voluntarily
engages in a risk communication network to exchange information about current pandemic events and to explore their behaviours and
mental coping mechanisms guided by the fear of disasters over time. In this study setting, the examination of an identifiable risk
communication network of a vulnerable group during a health crisis may generate empirical evidence-based findings to contribute to
fear appeal theory and/or inform public health administrators and relevant policy-makers in designing public health interventions in
the face of global health emergencies.

2. Research background

Natural disasters, risk communication, and other relevant factors among a group of international students in Japan have been
insufficiently investigated in the current literature, even though Japan is often known for various types of hazards (e.g., tsunamis,
earthquakes, floods) and even human-caused environmental disasters (e.g., the Fukushima nuclear accident). This section summarizes
the literature regarding this group and the relevant concepts in disaster and public health studies.

2.1. International students as a vulnerable group in the disaster context

The literature raises the question of including the population of international students in groups regarded as vulnerable. Gomez
[10] explored collective behaviours as a reaction to the 2011 Great East Japan Earthquake and presented two rationales to define and
place this population in the vulnerable group: (i) some shared similarities with minorities and tourists and (ii) their “foreignness” in
terms of language capacity. In the same line of reasoning, a group of international students was selected for this study based on (i) their
recent arrival and residence in Japan and (ii) their very limited Japanese language ability as an at-risk group in a disaster context [11].
This vulnerable status indicates that this group requires more attention and in-depth investigation, especially in health emergencies.

2.2. Risk communication and fear appeals

The term “risk communication” may be defined in multiple ways, such as managing risk elements and risk consequences [12] or as
an integrative process of exchanging information and opinions among different stakeholders from the individual level to the orga-
nizational level [13]. In other words, risk communication refers to risk evaluation inside a community, and its role and implications
have gained increasing attention since the influenza pandemic [14] and especially since COVID-19 in 2020 [15-17]. Some studies [7,9,
18,19] have emphasized that public health communication that capitalizes on individual emotions, especially fear-based or negative
emotions, within a risk communication network can effect changes in citizens’ collective behaviours with respect to an intended
outcome. Reynolds and Seeger [7] proposed an integrative model incorporating different types of communications: between the
government and the general public (e.g., campaigns and designated agencies of formal communication) and among the general public
(e.g., the general public’s feedback on where they can obtain information and whether rumours or misunderstandings exist inside their
community).

However, previous research on fear-based emotion (also known as fear appeals) as a persuasive device and predictor of the outcome
of a public health campaign has not taken into consideration (a) the risk deliberation exchange that occurs within a more defined
community, thereby disregarding the interaction of risk sharing within a close network; (b) the dynamism of citizens’ choices in
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Fig. 1. Extended parallel process model.
Source: Adapted from Witte [27].
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adopting the recommended behaviours reflected by the time dimension; and (c) the interaction of (a) and (b) without controlling for
mental coping mechanisms (i.e., other emotions) over time. In fact, in this line of research, empirical examinations of fear appeal
theory often ignore the role of the time dimension and do not control for other emotional states, i.e., the broad spectrum of positive and
negative emotions. Specifically, it is difficult to improve the theoretical internal validity without longitudinal data from several time
points.

The following section reviews the latest well-known framework based on fear appeal theory. The author proposes some modifi-
cations in the measurements of important constructs for the subsequent analysis and development of a quantitative fear-based model
considering the above gaps.

3. Extended parallel process model (EPPM)
3.1. Summary of the EPPM

Throughout human history, the emotion of fear has been exploited as a way for rulers or authorities to adjust human behaviours,
but systematic studies of fear appeals have emerged only since the 1950s. Since then, several theories have aimed to explain the
processing of fear messages. The latest and most exhaustive model in this field is known as the extended parallel process model (EPPM)
by Witte [20] (see also Fig. 1, Table 1). This model mainly incorporates three previous studies on fear appeals, the fear-as-acquired
model [21], the parallel process model [22], and protection motivation theory [23,24]. This latest theoretical development has
inspired a long list of follow-up empirical research because of its strong explanatory power in the field of public health communication
and disaster preparedness research [8,25,26]. However, Popova [27] closely examined the entire body of literature concerning this
model and found that the EPPM’s propositions and assumptions were not fully explored and supported and that its operationalized
constructs were measured differently in different studies. Nonetheless, the EPPM remains a useful guiding tool and theoretical
foundation for the exploration of fear appeals in the public health communication field.

Public health campaigns or communications contain messages that aim to change the cognition of citizens regarding the adoption
of health-promoting behaviours to curb the transmission or incidence rate of diseases. To evaluate such public health programmes, the
EPPM theorizes that four important concepts are embedded in health messages (see also Table 1 for definitions): (1) self-efficacy, (2)
response efficacy, (3) susceptibility, and (4) severity (please also refer to subsection 3.2, Measurement of the core constructs, for more
details on measurement).

The EPPM posits that two appraisal processes exist (see Fig. 1). First, individuals process information regarding the threat or risk

Table 1

Constructs and operationalized measurements of the EPPM.

Important Conceptual definition Operational definition

constructs

Fear Individual negative emotion as a reaction to a relevant threat [28].  Respondents’ rate their extent of being “anxious,” “scared” or

“frightened” regarding the threat [29].
Physiological measurements, such as heart rate [30].

Threat Individual understanding of the risks of dangers in the Both severity and susceptibility are measured via self-report
surroundings. Reflected by two dimensions: (i) Severity: questionnaire scale items. The sum (*) of (i) severity and (ii)
individuals’ beliefs about the seriousness of the risks [28]. susceptibility is the “overall threat score”.

(ii) Susceptibility: individuals’ beliefs regarding their probability For example, Lee & You [8] measured perceived severity and
of experiencing the risk [28]. susceptibility with two questions:
“What do you think is the severity if COVID-19 infects you?” (severity)
“What do you think is the probability of a COVID-19 infection?”
(susceptibility)
Efficacy Individual understanding of the recommended measures against the ~ Both self-efficacy and response efficacy are measured via self-report

Danger control
responses

Fear control
responses

threat. Reflected by two dimensions: (i) Self-efficacy: individuals’
beliefs about their ability to adopt the measures in the messages
[28].

(ii) Response efficacy: individuals’ beliefs regarding the
effectiveness of the recommendations in the messages [28].
Cognitive process producing a protection motivation that shows an
individual’s change in belief, attitude, or intention to adopt the
message’s recommendations [28].

This mechanism is usually considered a favourable outcome (i.e.,
individuals follow the health message).

Emotional process producing a defensive motivation in which a
significant threat renders an individual unable to adopt the
recommendations through coping mechanisms—e.g., defensive
avoidance, denial and reactance [28].

This mechanism, in contrast, indicates that the message failed (i.e.,
individuals reject the health message with the above coping
behaviours).

questionnaire scale items. The sum (*) of (i) self-efficacy and (ii)
response efficacy is the “overall efficacy score”.

For example, “To what extent do you think each precautionary
behaviour is an effective way to reduce the risk of COVID-19
infection?” as a response efficacy measurement [8].

Questionnaire for measuring three dimensions—attitudes, intentions,
and behaviours.

For example, six preparedness behaviours are defined as danger control
responses: reading (i) daily email and (ii) emergency alerts, access to
(iii) radio and (iv) first aid kits, watching (v) educational videos on
responding to the threat, and viewing (vi) educational posters on
responding to the threat [26].

Different coping mechanisms are measured using self-rating
questionnaires.

For example, “When I read the message about breast cancer, my first
reaction was that I did not want to think about breast cancer” (Likert
scale rating from 1 — not at all to 9 — very much) as a measure of
message avoidance [31].

Note: (*) In general, the variables are assumed to exhibit an additive relationship.
Source: Adapted from Popova [27].
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through the two concepts of susceptibility and severity. The message may be completely ignored if the threat is deemed negligible or
nonexistent. Individual differences may contribute to this appraisal stage. Second, once individuals believe that a threat exists, they
assess the content of the message to determine whether they can adopt the message (self-efficacy) and whether the message can
actually prevent the threat (response efficacy). The original author proposed a calculation of a discriminating value, which is the
subtraction of the perceived threat score and the perceived efficacy score (see Table 1 for more information regarding the calculation).
If the discriminating value is positive, the individual may engage in danger control responses, i.e., his or her beliefs and behaviours will
be consistent with the recommendations in the message; otherwise, when this value is negative, the individual may engage in fear
control responses, i.e., his or her beliefs and behaviours exhibit some type of defensive mechanism (avoidance, denial, and reactance)
and reject the message [28].

During the model’s inception stage, Witte distinguished between threat perception and fear emotion. Thus far, Witte’s model has
been generally based on fear-based emotion or other negative emotions, as illustrated by the feedback loop between efficacy cognition
and fear (see Fig. 1). The benefit of using a negative emotion, such as fear, is primarily due to the easy administration of the survey, and
past studies have reported high validity [27]. The fear emotion is usually linked to questions involving a self-rating of being anxious,
scared, or frightened about the threat message [29] or measurable physiological changes, such as heart rate [30] (see Table 1). Other
negative emotions, such as guilt, anger, and disgust, have also been considered to enhance the EPPM; for example, Basil et al. [32]
integrated the complex emotional range of empathy and guilt to develop a consumer model of charity. However, in disaster and risk
studies, fear-based emotion is long established and may be most relevant for further examination. Therefore, in this study, we focus on
this construct and control for other possible emotional states by using a mental well-being variable, which will be discussed later.

The outcomes include message acceptance (success) and message rejection (failure), as further explained by the EPPM by the
concepts of danger control responses and fear control responses, respectively (see also Table 1). Regarding danger control responses,
prior surveys examined some dimensions related to attitude, intentions, and beliefs. For example, Weber et al. [26] defined some
preparedness behaviours for future emergencies among university employees, including reading mass emails and emergency alerts by
the university, listening to weather radio, accessing first aid kits, watching educational videos by the university regarding how to
respond to an emergency such as an on-campus shooting, and studying educational posters regarding how to respond to weather or
disease-related emergencies. Regarding fear control responses, Witte [28] defined three possible mechanisms: defensive avoidance,
denial and reactance. For example, Ruiter et al. [31] measured the extent to which participants engaged in defensive avoidance via the
question, “When I read the message about breast cancer, my first reaction was that I did not want to think about breast cancer” (1 —
totally disagree to 9 — totally agree). Table 1 summarizes the central constructs used in the EPPM.

The EPPM employs the constructs of (i) fear, (ii) threat, as reflected by the underlying dimensions of severity and susceptibility, and
(iii) efficacy, as reflected by the two underlying dimensions of self-efficacy and response efficacy, to predict the (iv) possible responses,
which include danger control, fear control, and no response (see Fig. 1; Table 1). The model can therefore address the long-standing
question regarding the success (i.e., danger control responses) or failure (i.e., fear control responses) of fear messages in public health
campaigns.

However, the EPPM’s internal validity is questionable, as Popova [27] observed. 1) Two pairs of core constructs (i.e., severity and
susceptibility, self-efficacy and response efficacy) are assumed to follow an additive relationship, while empirical studies show mixed
and inconclusive findings of either additive or multiplicative relationships [27]. Hence, it is challenging to measure the higher-level
category of threat and efficacy based on these four underlying dimensions and the much-disputed relations (additive or multiplicative)
among them. 2) The role of time is neglected or ignored when individuals spend time evaluating the threat and efficacy [27]. In a
pandemic context, the emotional state of each individual is subject to changes in information flow from various sources and in-
teractions with other individuals; therefore, the interaction between threat and efficacy may not be clear unless time effects are
accounted for. 3) Preexisting emotions are treated as “individual differences” and disregarded in the model [27]. Former knowledge
about the threat, however, should interact with the way people process the fear message, and more subtle layers of message processing
should be explored and incorporated to improve the model’s internal consistency, as Popova [27] suggested. The omission of other
types of emotions may bias the model of fear.

3.2. Measurement of the core constructs

3.2.1. Perceived efficacy

Self-efficacy refers to the beliefs or perception of citizens regarding their ability to adopt the health message [28]. A common
measurement can be the frequency of practising the message’s health-promoting behaviours (e.g., how frequently the study partici-
pants practised precautionary behaviours, including wearing masks, hand hygiene, decreasing the use of public transportation, and
avoiding crowded places or social events, measured with a 4-point Likert scale assigned to the frequency range: never, sometimes,
often, or always at the beginning of the COVID-19 outbreak in South Korea [8]).

Response efficacy refers to the beliefs or perception of citizens regarding whether the health message is effective [28]. The
question used to measure this concept can be phrased as follows: “To what extent do you think each precautionary behaviour can be
effective in reducing the COVID-19 risk?” [8].

At a higher abstract level, these two concepts reflect individuals’ cognition regarding the recommendations of the threat message or
public health communication—i.e., perceived efficacy (see Table 1). Perceived efficacy can also be measured directly. For example,
the efficacy of purchasing green electricity is measured via the item, “By switching to green electricity, I can contribute to mitigating
climate change”, and the efficacy of carbon tax support is measured with the statement, “Changing the behaviour of the society as a
whole through measures such as taxing carbon emissions can reduce the risk that severe climate change will happen”, both measured
on a 5-point Likert scale (1 for “strongly disagree” and 5 for “strongly agree™) [33].
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3.2.2. Perceived threat

Susceptibility refers to the cognition of citizens regarding their probability of experiencing risks or threats [28]. This concept can
be measured by asking a straightforward question about participants’ beliefs regarding how vulnerable they are to being exposed to
threats, such as, “How likely are you to become infected with COVID-19?” [8] or “How likely are the following scenarios (tornado,
blizzard, school shooting, etc.) to occur in the next year?” [26].

Severity refers to the cognition of citizens regarding the severity or seriousness of the risks [28]. A possible measurement can be
straightforward, as follows: “What do you think about the severity of COVID-19 if you are positive?” [8]. Alternatively, the mea-
surement can be inferred by asking, “Which of these have you experienced as a result of weather-related/violence-related emergen-
cies?” and presenting a list of possible items of scenarios. The responses are coded 1 (checked) or 0 (blank), and the cut-off score of the
sum of all items is 6, reflecting a high impact [26].

At a higher abstract level, susceptibility and severity indicate individuals’ belief or understanding of the risks or threats in their
immediate surroundings—i.e., perceived threat (see Table 1). This perceived threat can be measured by factor reduction using two
manifest variables: (1) threat probability (or susceptibility) (e.g., “How likely do you think it is that climate change will affect you?*)
and (2) threat severity (e.g., “How likely is it that you and your family will be affected by climate change?*), both on a 5-point scale (1
for “impossible” and 5 for “highly likely”) [33].

3.3. Proposed modifications

The principal focus of the EPPM is to assess fear messages in changes and to predict such changes in individuals’ behaviours,
attitudes, and intentions as captured by the following outcomes: no responses, danger control responses or fear control responses. The
model has been commonly applied in health studies of specific diseases or conditions (e.g., AIDS, influenza outbreak) [25,34,35].
While the main focus of this study is to examine the role of risk communication within an at-risk community, concepts from fear appeal
theory may be useful and serve as a foundation to derive a quantitative model while addressing some weaknesses presented in the
previous subsection reviewing the EPPM and fear theory.

Based on the EPPM, this study proposes alternative operationalized measures below for developing a risk communication model
based on fear appeal theory.

For both the threat and efficacy measurements, the additive relationship of the four underlying measurements to efficiently predict
a higher abstract level of both threat and efficacy is questionable [27]. The COVID-19 context is unique because most information tends
to be uncorroborated in the age of fake news and global health emergencies [36], consensus among medical professionals worldwide
has been delayed [37], and public health communication has been inconsistent (e.g., the mask wearing debate in early 2020) [38]. In
particular, the manifesting variables of both threat (severity and susceptibility) and efficacy (self-efficacy and response efficacy) may
be biased given citizens’ self-rating of their perception based on the questionnaire designed by Lee & You [8] (see Table 1) because the
public health messages at that time were subject to many changes based on ongoing scientific and medical development and explo-
ration. Hence, we propose alternative measurements (see Table 2) to better estimate (i) the perception of risks through the act of
seeking stakeholders within risk communication networks and (ii) the perception of general health-promoting recommendations
through the dynamic choice of following the general recommendations during the emergency of COVID-19.

Within the setting of this study, the students gradually formed a risk communication network among themselves to discuss in-
formation regarding COVID-19 developments and to emotionally support each other. Messages related to health-promoting behav-
iours (i.e., social distancing, hand washing, mask wearing, and food/medicine stocking) were disseminated by both the government
and the university. The data regarding how each respondent sought to consult with more (or fewer) colleagues and how the re-
spondents actually adapted their behaviours in response to the message’s recommendation depict their cognition of threat (i.e.,
COVID-19 risks) and efficacy (i.e., whether adopting the message would be effective in mitigating the risks). While these data may not
entirely explain these two concepts according to the EPPM, they can serve as good predictors in this pandemic situation and facilitate
an understanding of the fear-based model and relevant health-related behaviours, including risk communication inside a community.

For the proposed measurements to be meaningful, variables reflecting both threat (i.e., frequency of risk communication) and
efficacy (i.e., health preventive measures) are assumed to have variances (i.e., changes in the number of (i) people specified in the risk-
sharing network of respondents and (ii) health-promoting behaviours they adopt) at each phase of the study. Such variances are
assumed to be explained by or attributed to each individual’s cognition of the available information [16,39]. The respondents within
the risk communication network are also assumed to interact within a defined network of risk discourse [40], and every individual is
an equally important stakeholder in consulting about details regarding the pandemic (i.e., their continued act of seeking each other out
is implied to be meaningful, and their discussion is pertinent to risk information, as clearly noted in the questionnaire).

The consideration of time effects in the EPPM [27] suggests the need to use longitudinal/panel data to better observe the dynamic
process by which individuals process information. Additionally, the exclusion of the time dimension in risk communication can result
in the omission of information on how citizens interact with each other and how they repeatedly manage or develop emotional coping
mechanisms. Moreover, risk discourse within the context of a pandemic in a community is based on how stakeholders process the
available information, which is highly subject to change over time. Therefore, excluding time effects in studying risk communication
and fear may result in the omission of many important pieces of information.

Popova [27] also suggested that preexisting emotions impact the processing of fear messages, and some studies have found sup-
porting empirical evidence of such an impact [41-43]. To address the preexisting emotions that were lacking in prior fear studies, we
consider one parameter reflecting mental status or health to control for such effects of the complex spectrum of different emotions. In
the literature, many studies employ the 12-item General Health Questionnaire (GHQ) as a screening tool for self-assessment among
different samples from clinical settings to the general population. Originally, the GHQ by Goldberg [44] had 60 items, but currently,
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Table 2
Alternative operationalized measurements of variables based on fear appeal theory.
Constructs Operationalized measurements Corresponding variables
Fear Subjective rating of nervousness or anxiety towards disasters in general in Japan.  Fear of (general) disasters in Japan

Respondents are asked, “As a foreigner living in Japan, how nervous or anxious
do you feel about disasters (e.g., earthquakes, floods, health emergencies)?”
Score: 1 — no problem at all; 5 — very nervous or anxious.
Threat as manifested by (i) severity Rather than designing ad hoc survey items for two underlying dimensions asa  Frequency of communication within
and (ii) susceptibility common practice, we assume that seeking community-led risk deliberation the same network of students
implies cognition regarding the threat (i.e., the COVID-19 pandemic).
Respondents are asked, “Among the community, with whom did you have a
discussion/communication about recent coronavirus issues, both face to face
and in an online platform?”
Measurement is based on the ratio of the number of people with whom each
individual communicates to the maximum of people possible within the
boundary of the network.

Efficacy as manifested by (i) self- During this unprecedented pandemic, no concrete health-promoting behaviours =~ Health preventive measures
efficacy and (ii) response are conclusive because discussions are shifting towards the philosophy of
efficacy freedom; therefore, designing survey items to predict respondents’ cognition is

challenging. Instead, the number of health preventive measures adopted can be
a good indicator of how much respondents (i) think they can adopt such
behaviours (self-efficacy) and (ii) believe in the effectiveness of such behaviours
(response efficacy).

Respondents are asked to choose all that apply among the four measures: (1)
social distancing, (2) hand washing, (3) mask wearing, and (4) stocking up on
groceries, medicine, and resources.

there are multiple versions. In particular, the 12-item version is the most widely used version, with many surveys confirming its
reliability and validity in different domains (i.e., different countries and/or samples of different socioeconomic backgrounds) [45,46].
Drawing upon relevant surveys, we conducted a factor analysis to examine the factor structure in the study sample as a first step to
derive the parameters of mental well-being for the subsequent analysis of the fear model. Section 4.2 discusses the measurement of
mental health parameters in detail.

4. Research methodology

4.1. Research question and model specification

This paper aims to address the following question: How do risk communication and other health-related behaviours affect the fear
of disasters within a risk-sharing network of foreign students during the COVID-19 pandemic? In other words, we studied the causal
mechanisms of how the fear of disasters, especially in a country stricken by multiple disasters amid a pandemic, such as Japan,’ can be
explained by the independent variables of (i) mental well-being, (ii) preventive measures against COVID-19, and (iii) the frequency of
both face-to-face and social media exchanges of risk information and theoretically important variables in the study of risk perception,
(iv) country and (v) gender.

Therefore, the proposed model of disaster perception and its explanatory variables is expressed as follows. The dependent variable
“fear of disasters” is fear or anxiety in general towards any disaster” in Japan (e.g., tsunamis, earthquakes, floods), which is the main
variable of interest in capturing and explaining the interplay of information exchange and other independent variables within a closed
network for health risk communication. The independent variables are as follows: (i) “frequency of communication”, or the ratio of how
many respondents interacted in the total of 37 students (i.e., interaction via both face-to-face meeting and the online social platform
among the total of 37 possible students within the specified boundary of the network); (ii) “health preventive measures”, which refer to
the number of health preventive measures the respondents adopted in response to the pandemic; (iii) the interaction term to capture
the combined effect of communication and health measures adopted; (iv) “mental well-being” at each period of time; and the control
variables (v) country and (vi) gender.

4.2. Data collection and measurements

The research participants were 37 first-year students in the Master of Public Administration (MPA) programme in a Japanese
graduate school from 14 different countries and backgrounds. They were all foreign (i.e., non-Japanese) students with limited Jap-
anese language skills and less than seven months of residency in Japan; this characteristic may place them in a group considered
vulnerable [10] to disaster risk. This group of students and their families lived in a close and small community in a remote rural area,

1 For example, even in the middle of the COVID-19 pandemic in Japan, heavy rain caused deadly flooding in the prefectures of Kumamoto and Kagoshima in July
2020, and a strong earthquake hit the Tohoku area, including the prefectures of Fukushima and Miyagi, in February 2021.

2 A disaster or natural hazard, in our assumption, is related to the pandemic [63]. Although the International Federation of Red Cross and Red Crescent Societies
classified pandemics as a natural hazard [63], we assume that the general public perceives the word “disaster” in a general sense of threatening their life, and people
rarely distinguish the nuances of words such as disaster or pandemic. However, this perception of whether the pandemic is viewed as a disaster, irrespective of the
official definition, could be questionable.
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mainly within university dormitories.

The students were given a self-report survey3 at three consecutive time points that spanned from March 18 to 27, 2020; (i) March 18
to 21 (34/37 responses), (ii) March 22 to 24 (33/37 responses), and (iii) March 25 to 27 (31/37 responses). Within these intervals,
international and local newspapers and social media provided a large amount of new information relating to the pandemic and
different countries’ responses. It could be asserted that all knowledge up to that point was chaotic; hence, time effects were included to
observe the students’ changing perceptions and confusion, especially when they could not fully grasp the local or domestic news
sources and instead relied heavily on international news as well as exchanges within their own local community (i.e., within a closed
network). This approach could thus be expected to yield useful information about dynamic changes in their behaviours.

The self-report survey sought to determine (i) the frequency of health risk exchanges through both online platforms and offline
meetings with students in the same programme within a delineated specification of a network, i.e., the same set of university students;
(ii) their adoption of health preventive measures recommended by the government (i.e., physical distancing, hand washing, mask
wearing, and stocking up on food and water), (iii) their own rating of their mental well-being at each period using the 12-item GHQ
(GHQ-12) [44], and (iv) their general disaster fear as a self-evaluation of their level of anxiety about general and common disasters in
Japan (see Table 2 for a description of the measurements of these variables).

Considering that psychological or mental health variables cannot be directly measured and, as mentioned in subsection 3.2, the
GHQ-12 has been found to effectively reflect this concept in various samples [44,45,47], we conducted a factor analysis of 12 items of
the GHQ based on our proposed structure and the previously confirmed structure in the extensive literature. However, previous studies
on the GHQ-12 provided inconclusive findings about the factor structure, and Liang et al. [45] found that the unidimensional,
two-dimensional, and three-dimensional structures all fit the population of young Chinese civil servants who are at risk for mental
disorders. Therefore, the 12-item questionnaire has the potential to reflect the mental well-being variable in different at-risk popu-
lation settings from unidimensional to three-dimensional structure models. The sample in this study comprises vulnerable respondents;
during the unprecedented COVID-19 pandemic, this sample can be placed in a group with a high risk of mental health issues. The
GHQ-12 questionnaire is therefore suitable for screening the general psychology of the respondents.

Many earlier studies determining the factor structure of the GHQ-12 proposed different groupings in different sets of samples, e.g.,
based on some assumption of wording effects to determine the unidimensional structure [48]. This suggests that the GHQ-12 must be
adapted for use in our sample. We propose a two-dimensional model based on the dichotomy of positive and negative wording
accompanied by reverse coding to increase the respondents’ concentration in completing the survey (see Table 3).

Table 4 summarizes the descriptive statistics of the variables for the fear of disasters model. The overall mean, standard deviation,
and range of minimum to maximum values of the variables show that there are no anomalous values among the data. Table 5 shows
that the correlation among variables is low enough that there is no multicollinearity problem in our model. Notably, a strong cor-
relation was found between the interaction term comprising risk communication and preventive measures and the frequency of risk
communication, but this correlation was attributed to their inherent relationship (i.e., the interaction term containing the other
variable).

On average, each student tried to contact two to three colleagues (i.e., the mean of .065 times 37 students), and the total maximum
possible contact was 37 students. Each student adopted nearly three out of four health-promoting behaviours, indicating a general
willingness of this sample to adopt such behaviours.

Of the students from 14 different countries, most were from Asian countries (32 students, or 86%; see Table 4), four were from
Europe, and one was from Africa. Even within Asian countries, the backgrounds of the students were highly diverse, spanning
Southeast Asia and South Asia to Central Asia. Our assumption was that the classification of Asian and non-Asian populations could be
useful in yielding more explanatory power for the model rather than a more complex category of races. On the other hand, the ratio of
female to male students was almost evenly distributed (18:19, or 48%); see Table 4); this balance may be useful as the sample had a
representative number of men and women. Therefore, the inclusion of gender-specific and racial variables can improve the predictive
power of the model, as Flynn et al. [49] and Ho et al. [50] concluded.

4.3. Methods

The dataset in this study is a fixed panel (n = 37, T = 3) with slightly unbalanced data (due to some missing responses). Despite the
unbalanced data, the overall panel data can still be considered strongly balanced (T is close to 3 for each variable; see Table 4) with
only a few missing values: there are three time points with 34, 33, and 31 responses received, and in total, N = 94 observations are used
in the regression model. The panel data structure deals with the unobserved heterogeneity that can result in both biased and inefficient
estimated coefficients [51]. Fixed-effects and random-effects models have been widely employed to examine unobservable individual
effects in panel data. The model in question includes time-invariant individual-specific variables (i.e., country-specific and/or gender
effects) as these variables show meaningful interpretations of risk perception in natural disaster studies, as noted by Flynn et al. [49];
Bontempo et al. [52]; West & Orr [53]; and Ho et al. [50]. The inclusion of these two crucial variables rules out the competing model

3 The survey was conducted in English, and the students admitted to this graduate programme were expected to have a good command of English for admission
with the following minimum requirements: TOEFL paper-based exam, 550; internet-based exam, 80; IELTS, 6.5; TOEIC, 800. Please find the self-report form in Table 7.
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Table 3
Two-dimensional model based on the dichotomy of positive and negative wording.
Latent variable Manifest variable (GHQ-12) Note
Positive wording Able to lead a happy life GHQ-6
Able to face your own difficulties GHQ-7
Able to concentrate on doing anything GHQ-10
Feeling that you are a useful person GHQ-11
Feeling happy in general GHQ-12
Negative wording Feeling that you have not made good use of time GHQ-1*
Feeling that you were not decisive GHQ-2*
Feeling that you suffered from pressure GHQ-3*
Feeling that you could not overcome your own difficulties GHQ-4*
Feeling unhappy or distressed GHQ-5*
Sleepless because of worrying about something GHQ-8*
Having lost self-confidence GHQ-9*

Note: (*) Reverse coded item to (i) increase the respondents’ concentration and, more importantly, (ii) adopt a dichotomous scheme to adapt the GHQ-12 questionnaire
for a new sample of the population.

Table 4
Descriptive statistics of the variables for the fear of disasters model.

Variable Mean Std. Dev. Min Max Observations

Fear of disasters overall 2.755 1.244 1 5 N =098
between 1.085 1 5 n =36
within 614 .088 4.755 T=2722

Frequency of communication overall .065 .063 0 324 N =098
between .055 0 .18 n =36
within .032 -.025 .219 T =2.722

Adoption of preventive measures overall 2.776 969 0 4 N =098
between .809 0 4 n =36
within .547 .776 4.109 T=2722

Risk communication x Preventive measures overall 178 .186 0 .865 N =098
between 153 0 613 n=36
within .104 -2 .557 T=2722

Mental well-being (positive wording) overall 3.618 714 2 5 N =96
between .605 2.266 5 n=35
within .356 2.485 4.685 T =2742

Mental well-being (negative wording) overall 3.635 761 1.666 5 N =96
between 661 2.25 n=36
within .420 2.079 4.968 T = 2.666

Asian overall .864 .343 0 1 N =111
between .346 0 1 n=37
within 0 .864 .864 T=3

Female overall .48 .502 0 1 N =111
between .506 0 1 n=37
within 0 .48 .48 T=3

(fixed-effects models) for addressing the panel data structure because of its limitations of the perfect collinearity of country/gender
effects and the time-invariant error term [54]. Lee [55] identified the greatest flaw in utilizing the fixed-effects model: perfect
collinearity of theoretically important dummy variables and time-unchanging variables. Hence, he argued that employing random
effects is more useful for estimation.*

5. Results

Table 6 shows the estimated results for the effects of risk communication and health-related behaviours on the fear of disasters.
Overall, the Wald test shows a good fit of the model with the explanatory variables (p value of .019). Hence, the random-effects model
is reasonable and efficient for the estimation.

The coefficient of “frequency of risk communication” shows that with a one percentage point increase in the number of people
exchanging risk information, the general fear of disasters is expected to increase by 11.757%, ceteris paribus (p < .05). This causal
mechanism may be due to the “pressure cooker” effect [56] in which risk communication within the closed community increases the
perceived anxiety level. In the same relationship, for a one-unit increase in the number of health preventive measures adopted, the fear

# The random effects model’s assumption that no correlation exists between unobserved, time-constant factors and the explanatory variables can be problematic.
Therefore, we performed the Hausman test for both FE and RE while excluding two theoretically important variables: gender and country. The result shows that the
random effects model is still valid for estimation. The benefit of including those two crucial dummy variables for estimation further implies that the random effects
model is preferred.
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Table 5
Pairwise correlations of the variables.
Variable Fear of Frequency of risk Adoption of Risk communication ~ Mental well- Mental well- Asian Female
Disasters communication preventive x Preventive being being
measures measures (positive (negative
wording) wording)
Fear of disasters 1.000
Frequency of risk 0.029 1.000
communication
Adoption of 0.245%* —0.054 1.000
preventive
measures
Risk communication  0.022 1.000
x Preventive
measures
Mental well-being —0.154 0.027 —0.255%* —0.016 1.000
(positive
wording)
Mental well-being —0.311%%** —0.072 —0.194* —0.092 0.483%** 1.000
(negative
wording)
Asian —0.151 0.011 0.147 0.112 0.004 -0.113
Female 0.004 0.086 0.155 0.160 —0.088 —0.136 1.000
***p < .01, **p < .05, *p < .10.
Table 6
Estimated results for the effects of risk communication and health-related behaviours on the fear of disasters.
Mixed-effects ML regression
Fear of disasters Coef. St. Err. t value p value [95% Conf Interval] Sig.
tl .169 .202 0.84 .401 -.226 .565
t2 191 194 0.99 .325 -.189 .57
Frequency of risk communication 11.757 4.873 2.41 .016 2.207 21.307 bl
Adoption of preventive measures 422 .18 2.34 .019 .068 775
Risk communication x Preventive measures —3.247 1.65 -1.97 .049 —6.48 -.014 **
Mental well-being (positive wording) .108 .187 0.58 .564 -.259 475
Mental well-being (negative wording) -.522 167 -3.12 .002 -.849 -.195
Asian -.954 .531 —-1.80 .072 —-1.995 .087 *
Female .044 .349 0.13 .899 -.639 727
Constant 3.595 1.047 3.43 .001 1.543 5.648 i
Mean dependent var 2.787 SD dependent var 1.252
Number of obs 94.000 Chi-square 19.902
Prob > chi 2 0.019 Akaike crit. (AIC) 282.140

#x5p < 01, **p < .05, *p < .10.

of disasters is expected to increase by .422, ceteris paribus (p < .05). Interestingly, the joint effect of risk communication and pre-
cautionary health behaviours shows that for every one percentage point increase in this effect, the fear of disasters actually decreases
by 3.247%, ceteris paribus (p < .05). In other words, the more risk information exchange and the more health preventive measures
adopted, the more negative feelings non-Japanese students experience related to potential or observed disasters in Japan. Taking into
account the combined effect of risk information sharing and the preventive measures adopted, we find that negative feelings towards
disasters can be alleviated.

Factor 1, “positive wording” for mental well-being, showed a nonsignificant effect in the model (p value of .564). This result may
imply that in this sample, “positive wording” has no clear or weak effect on the “fear of disasters” variable. However, for a one-unit
increase in Factor 2, “negative wording” for mental well-being, the “fear of disasters” variable is expected to decrease by 0.522, ceteris
paribus (p < .01). Notably, all the points for these items in Factor 2 are reverse coded for calculation (see Table 3), implying that
“negative wording” in fact strongly and positively correlates with the dependent variable itself. This finding is consistent with our
expectation that an increase in students’ negative attitude at the time indicates a greater fear of disasters.

The racial variable suggests that being Asian implies having a “fear of disaster” level that is 0.954 less (nearly a one-point difference
on a Likert scale) than the level for non-Asian students (p < .10). This finding may have arisen because Asian students may be more
aware of Japanese culture and able to more easily obtain relevant information. They may therefore have better psychological prep-
aration than non-Asian groups. Additionally, the cultural exchange and active cooperation between Japan and other Asian countries
may inform Asian citizens, particularly Asian students, of many general aspects and images of Japan. For example, citizens from
several ASEAN countries tend to have an increasingly favourable perception of Japan over time [57], which may explain the difference
between the two groups in their fear of disasters.

The gender difference in this sample does not have a clear effect on the fear of disasters, with a large p value (0.899). In fact,
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Table 7
Copy of the distributed questionnaire.

1. Among first-year PMPP students, with whom did you have a face-to-face discussion/communication about recent coronavirus issues over the last three days
(between March 19 and March 21/March 22 and March 24/March 25 and March 27)?
Select as many as possible out of 37 students (Please check using V)
(List the 37 students’ names)

2. Among first-year PMPP students, with whom did you have an online discussion/communication about recent coronavirus issues over the last three days (between
March 19 and March 21/March 22 and March 24/March 25 and March 27)?
Select as many as possible out of 37 students (Please check using V)
(List the 37 students’ names)

3. To protect against coronavirus, many prevention measures are recommended. Among those listed below, which one(s) have you followed over the last three days
(between March 19 and March 21/March 22 and March 24/March 25 and March 27)?
Select as many as possible out of 4 measures (Please check using V).

Social distancing

Hand-washing

Mask-wearing

Stocking up on groceries, medicine, and resources

4. Could you rate your current conditions over the last three days (between March 19 and March 21/March 22 and March 24/March 25 and March 27)?
Evaluate the following criteria and select the appropriate rating, with 5 being the highest score (i.e., strongly agree) and 1 being the lowest score (i.e., strongly disagree).

Feeling that you had not made good use of time.

Feeling that you were not decisive.

Feeling that you suffered from pressure.

Feeling that you could not overcome your own difficulties.

Feeling unhappy or distressed.

Able to lead a happy life.

Able to face your own difficulties.

Sleepless because of worrying about something.

Having lost self-confidence.

Able to concentrate on doing anything.

Feeling that you were a useful person.

Feeling happy in general.

5. As a foreigner living in Japan, how nervous or anxious did you feel about disasters (e.g., earthquakes, floods, health emergencies) over the last three days
(between March 19 and March 21/March 22 and March 24/March 25 and March 27)?
Evaluate by selecting the appropriate rating, with 5 being the highest score (i.e., very nervous or anxious) and 1 being the lowest score (i.e., no problem at all).

Your answer (rating)

Gustafson [58] suggested that psychometric studies might not clearly show gender differences in risk perception. Some disaster
studies, such as Steinglass & Gerrity [59]; Neumayer & Plumper [60]; and Ho et al. [50]; conducted within a homogeneous population
(i.e., a sample with the same cultural background) found gender differences to be a good predictor of hazard perception. In contrast,
the sample in this study was drawn from a group of international students of different backgrounds and thus may not clearly show a
meaningful interpretation of gender differences. In other words, the variables related to individual differences in this sample may be
better reflected in terms of the country of origin rather than gender.

6. Discussion

This paper suggests four implications for foreign students staying in Japan who face the unprecedented situation of COVID-19.
First, simply adopting health preventive measures as recommended can indicate an increasing general fear of disasters. If the com-
munity of non-Japanese students adopts the recommended voluntary measures, their adoption may be due to their increasing anxiety
level rather than their own willingness to do so. Each foreign student was increasingly anxious about disasters in general as inter-
national news sometimes made conflicting statements about the current pandemic situation, e.g., the debate on whether wearing
masks is effective or recommended physical distancing. In such instances, foreigners in Japan might have no choice but to adopt more
of these measures as their fear of disasters increases.

Second, risk communication at face value also indicates a worsening of the fear of disasters. Community-led risk deliberation is an
active way for individual foreigners in Japan to seek more news or information regarding the changing pandemic situation, and over
time, they become increasingly concerned as they gain more information. This result supports the finding from a rational model
questioning the benefits of risk communication, as Alaszewski [61] suggested. Nonetheless, we should be cautious in interpreting this
effect as the next finding suggests a different conclusion.

Third, as mentioned above, exchanges among individuals about the pandemic or their health-promoting behaviours individually
reinforce foreign students’ fear of disasters in Japan. However, the empirical evidence in this study also confirms the interaction effect
between risk-sharing and health preventive measures, which may support the possibility of a reciprocal relationship between threat
and efficacy under the assumption of the simultaneous appraisal of threat messages rather than sequential assumptions, as suggested
by Popova [27]. Retrospectively Witte [28] found that threat and efficacy were processed in a sequential manner. However, Lewis et al.
[62] found that response efficacy (i.e., manifesting variable of efficacy, showing the cognition of individuals regarding the effec-
tiveness of the recommendation from the fear message) has a mediating effect on fear when the threat level is increasing; in other
words, the fear control response mechanism of the model and the sequential appraisal assumption (i.e., citizens process threat mes-
sages first and then the efficacy of measures, or the reverse) are called into question. Our finding, to a certain extent, confirms the
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evidence of the interactive effect of citizens’ risk deliberation and public health communication on manners and preventive practices
adopted during health crises with joint moderation of anxiety levels (i.e., fear per se).

7. Conclusions

Based on our study results, our major findings are as follows: (i) adopting health preventive measures as recommended by the
government and (ii) risk communication may individually be an indication of fear regarding disaster perception for foreign students in
Japan; (iii) community-led risk discourse on good practices to prevent the transmission of COVID-19 and pandemic information
combined with the adoption of preventive health behaviours can have a moderating effect on the anxiety or stress level of each in-
dividual; and finally, (iv) country-specific determinants are meaningful in natural disaster research, while gender-specific differences
in this pandemic setting and quantitative methods may not exhibit significantly meaningful effects. In particular, the evidence of a
significantly meaningful interaction of community-led risk discourse and government-recommended public health behaviours may
contribute to fear theory in general and to the EPPM in particular regarding the possible interaction effect of threat and efficacy on
fear-based emotion. These evidence-based findings emphasize the role of risk communication during a highly contagious disease
outbreak, leading to greater acceptance of relevant policies against infectious disease and greater efficiency of these policies within
communities, thereby producing the intended results.

Despite the methodology chosen for data analysis, there are some limitations to the current study design. First, this study utilized
the 12-item GHQ to predict the mental subjective health of the respondents with a two-dimensional structure accompanying the
reverse coding scheme. However, this design may suffer from wording effects or negative phrasing [48]; thus, there is potential
response bias in this factor analysis of a two-dimensional structure. Future studies with both exploratory and confirmatory factor
analyses may involve adapting and identifying a better version of the GHQ-12 by controlling for wording effects and thereby deter-
mining a better and more detailed factor structure for the international student population.

Second, while the random-effects model assumes that unobserved individual effects do not correlate with the explanatory vari-
ables, the random-effects model in this paper may violate this assumption, and unobservable additional socioeconomic and cultural
factors may exist. For example, in our model, we assumed that the risk communication variable (or “threat”) is reflected in the fre-
quency of exchange of individuals within a network. However, threat may also be reflected in the frequency of intangible social
support with specific students. This potential bias embedded within the unobservable heterogeneity captured in the error term can
render the model both biased and inefficient. Future studies with a larger sample size and different samples can address this source of
bias and inefficiency.

Third, country-specific factors can be a good predictor in studies of natural disasters, while gender-specific differences may call for
qualitative rather than quantitative approaches, as Gustafson [58] suggested. The background of each respondent can shape his or her
ways of thinking and resulting behaviours from culture to culture. This evidence warrants more in-depth studies on socioeconomic
determinants and risk perception in the international student population. Gender differences may involve a more theory-based
approach prior to quantitative examination of causal inferences in natural disaster research.

Fourth, the data sample in this study was collected from a university with a group of students in one graduate programme. Although
the international background of students from several countries can be representative of foreign students in Japan, caution is advised
when generalizing our conclusions. Future research in different domains may address this generalization issue.
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